Oxysterols are oxygenated cholesterols that are important in many cell functions and they may also be 33 indicative of certain diseases. The purpose of this work was to study the feasibility of ultra-34 performance liquid chromatography-ion mobility-time-of-flight mass spectrometry (UPLC-IM-35 TOFMS) using traveling wave cell in analyzing oxysterols and especially their isomers in biological 36 samples. . Oxysterols were analyzed as their p-toluenesulfonyl isocyanate derivatives, which improved 37 the separation of isomeric oxysterols by ion mobility and ionization efficiency in the electrospray 38 ionization step. The UPLC-IM-TOFMS method was shown to be fast and to provide good quantitative 39 performance. The feasibility of the method was demonstrated in the analyses of oxysterols in fibroblast 40 cell samples. 41 Key words 42 liquid-chromatography-ion-mobility-mass-spectrometry,oxysterol, oxysterol Isomers, derivatization, 43 fibroblast cell samples 44 45 46 47 48 49 50 51 52 53 54 55 56 57 Oxysterols are oxygenated cholesterols that are either formed by cholesterol hydroxylases that belong to 58 the cytochrome P450 family [1-3] or by auto-oxidation [4]. Oxysterols are involved in various biological 59 events such as cholesterol homeostasis, apoptosis, cell differentiation, and signaling [5-8]. The most 60 abundant oxysterols are 24(S)-, 27-and 7α-hydroxycholesterols in human serum [9]. The formation of 61 24(S)-hydroxycholesterol is catalyzed by CYP46A1 in the brain whereas 27-and 7α-hydroxycholesterols 62 are catalyzed by CYP27A1 and CYP7A1 in the liver [10, 11]. 24(S)-and 27-hydroxycholesterols have 63 been linked with several neurodegenerative diseases such as Alzheimer's disease and Parkinson's disease 64 [12, 13]. Elevated levels of 24(S)-hydroxychloesterol have been detected in samples of cerebrospinal 65 fluid taken from patients that suffer from Alzheimer's disease [12]. Though oxysterols have been linked 66 with diseases, they are also part of normal cholesterol metabolism. Cholesterol in the brain is converted 67 into 24(S)-hydroxycholesterol, which can permeate across the blood brain barrier into the circulation 68 [14]. Recently, it has been shown that oxysterols have a role in dopaminergic neurogenesis [15]. The 69 addition of exogenous 22-hydroxycholesterol caused a 2-fold increase in dopaminergic neurogenesis in 70 mouse embryo cells compared to controls [15]. Oxysterols, such as 22(R)-hydroxycholesterol, 20(S)-71 hydroxycholesterol, and 22(S)-hydroxycholesterol induced alkaline phosphatase activity, which is an 72 early marker of osteogenic differentiation [16, 17].
Introduction fragmentation behaviour of isomeric oxysterols are very similar. The separation of oxysterols is possible 87 with GC [21] and LC [23] . However, the separation of isomeric oxysterols require relatively long run 88 times, which significantly increase the total analyses times. Therefore, faster analytical methods are 89 needed for the determination and analysis of oxysterols in order to increase sample throughput. 90 Ion mobility-mass spectrometry (IM-MS) is a powerful tool in bioanalysis and it has been increasingly 91 used along with the development of commercial instruments. For example, IM-MS is used in 92 metabolomics, in proteomics and in targeted analysis [28] [29] [30] . IM-MS provides high sensitivity, high 93 specificity and analysis times that can be measured on millisecond timescales. Analytes are separated by 94 IM-MS in the gas phase when traveling through a drift gas (normally N2) with a velocity that is dependent 95 on the charge, shape, size, polarity, and collision cross section (CCS) of the analyte [29, 31] . The CCS 96 provides an additional identification parameter in IM-MS in addition to the drift time, the m/z value and 97 fragmentation pattern and it can be estimated by calibrating the IMS using compounds with known CCSs. 98 The IM combined with LC-MS is also increasingly used in bioanalytics [32] [33] [34] , because IM provides 99 an additional degree of separation and thus significantly improved peak capacity and specificity. This TWIM-MS provides high sensitivity, specificity, and analysis times on a millisecond timescale and the 106 method has been increasingly used in bioanalytical applications [38] [39] [40] .
107
In this study we have investigated for the first time the feasibility of UPLC-TWIM-TOFMS in the 108 analysis of oxysterols. The oxysterols were derivatized by p-toluenesulfonyl isocyanate (PTSI) in order 109 to increase the respective CCS, which thus increases the separation power of IM and enhances ionization 110 efficiency of oxysterols in electrospray ionization (ESI). PTSI derivatization was selected as the method, 111 which has been applied successfully earlier for the separation of steroid isomers by TWIM [33] . The aim 112 of the study was to improve sample throughput by using UPLC-TWIM-TOFMS that provides improved 113 separation efficiency and thus faster analysis of oxysterol isomers than commonly used LC-MS or GC-114 MS methods. Furthermore, we have investigated the feasibility of the UPLC-TWIM-TOFMS method 115 in quantitative analysis of oxysterols in fibroblast cell samples. The effect of the N2 buffer gas pressure (2.5-3.5 mbar) was studied. The peak-to-peak (Rp-p) resolutions 174 of the adjacent peaks were calculated according to equations presented in Supplementary material. The
175
CCS of the analytes were determined using 10 µg mL -1 poly-DL-alanine as a calibrant. The calibration 176 curves were plotted according to TWIM CCS values of poly-DL-alanine molecules in the literature [42] .
177
The CCS values and the concentrations in the quantitative analytes were determined from driftograms 178 using Driftscope software.
179
Results and discussion overlapped and were not separated from each other ( Fig. 1 and Fig. S 4A) . Furthermore, the protomers for the IM-TOFMS analysis, the the protomer 1 of 7-OH-cholesterol was separated, but the protomer 230 2 of 7-OH-cholesteroloverlapped with 7-OH-cholesterol protomers (Fig. 2) . Therefore, the peak areas for intra-day and inter-day repeatabilities for the analyte/ISTD peak area ratios were below 8% and 19%, 254 respectively, which indicate acceptable levels of repeatability. These results show good quantitative 255 performance of the method for the analysis oxysterols.
256
The feasibility of the UPLC-IM-TOFMS method for the analysis of biological samples was studied by 257 quantifying oxysterols in fibroblast cell samples that contained four million cells (Fig. 2B) . The use of 258 high resolution mass spectrometry with a mass window of 10 ppm ensured the specific analysis of the 259 selected oxysterols without significant background disturbances from the sample matrix. All six 260 compounds, 22-OH-, 24(S)-OH-, 27-OH-, 7-OH-cholesterols and 7-ketocholesterol, were detected in the 261 fibroblast cell samples (Table 3 , Fig 2B) . The concentrations of 7α-OH-+ 7β-OH-cholesterols and 7-262 ketocholesterol were 47.8 ng mL -1 and 5.9 ng mL -1 (1.67 and 0.21 ng/million cells, respectively). These 263 compounds were clearly detected with good repeatability in three replicate analysis. The 22-OH-, 24(S)-
264
OH-, 27-OH-cholesterols were also detected but their concentrations were below the LOQ but above 265 LOD. It can be estimated, however, that the concentrations of 22-OH-oxysterols in the cell samples were 266 between 0,5 -1 ng mL -1 (0.018 -0.035 ng/million cells) and the concentrations of 24(S)-OH-and 27-267 OH-oxysterols between 1-5 ng mL -1 (0.035 -0.18 ng/million cells).
268

Conclusions 269
The separation of isomeric oxysterols is of high importance as it facilitates getting more detailed and 270 therefore useful information on the role of oxysterols in biological systems. We showed that UPLC-IM- 
